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DETAILED ACTION 

Request for Continued Examination 

1. A request for continued examination (RCE) under 37 CFR 1.1 14, including the 
fee set forth in 37 CFR 1 .17(e), was filed in this application after final rejection. Since 
this application is eligible for continued examination under 37 CFR 1.114, and the fee 
set forth in 37 CFR 1 . 1 7(e) has been timely paid, the finality of the previous Office 
action has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 
10/16/03 has been entered. An action on the RCE follows. 

2. The amendment filed on 09/22/03 has been entered. 



Claim Rejections - 35 USC § 112 

3. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

4. Claims 6, 13 and 23 are rejected under 35 U.S.C. 112, first paragraph, as failing 
to comply with the enablement requirement. The claim(s) contains subject matter which 
was not described in the specification in such a way as to enable one skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and/or use the 
invention. 



t 
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Art Unit: 2811 

A. Claim 6, line 13 recites the limitations "wherein said second metal plug has a 
thickness sufficient to consume tin diffusing from said solder bump". 

As described in the specification, the second copper film 36 (see copper plug 2 in 
Fig. 3) is deposited with sufficient thickness to be at least coplanar with the top of the 
passivation films (specification page 9, lines 10-12). However, the description does not 
disclose the thickness of the second plug or what is considered as being the sufficient 
thickness of the second metal plug which consumes tin diffusing from the solder bump. 

B. Claim 13, lines 14-17 recite the limitations "wherein said second plug forms 
sufficient intermetallics with elements diffusing from said solder bump", and "wherein 
said second plug has a thickness sufficient to consume tin diffusing from said solder 
bump". 

As described in the specification, the second copper film 36 (see copper plug 2 in 
Fig. 3) is deposited with sufficient thickness to be at least coplanar with the top of the 
passivation films (specification page 9, lines 10-12). However, the description does not 
disclose the thickness of the second plug or what is considered as being the sufficient 
thickness of the second metal plug which consumes tin diffusing from the solder bump 
and forms sufficient amount of intermetallics. 

C. Claim 23, lines 8-10 recite the limitations "forming a conductive structure that 
includes a given species including tin" and "said second layer of copper having a 
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thickness sufficient to form intermetallics with said species diffusing from said 
conductive structure". 

As described in the specification, the copper plug 24 is recessed 1000-10000 
angstroms to form a recessed plug 34 (specification page 9, line 7). However, the it 
does not disclose the thickness of the second layer of copper in the recessed plug 34 or 
what is considered as being the sufficient thickness of the second layer of copper which 
forms intermetallics with the species diffusing from the conductive structure. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 6, 29 and 30 insofar as being in compliance with 35 U.S.C. 112, are 
rejected under 35 U.S.C. 103(a) as being unpatentable over Kumar et al. (US Pat. 
5290732) in view of Cohen (US Pat. 6136707) and admitted prior art (APA). 
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Regarding claim 6, Kumar et al. disclose a metallurgical/conductive structure in an 
integrated circuit (IC) chip having underlying circuitry/internal components within an 
exterior covering comprising: 

- a first layer/line/metal pad/internal component (14b in Fig. 10) on the 
chip/substrate 

- a passivation/insulating layer (16b in Fig. 10) 

- a via/hole (Fig. 10) through the passivation layer extending to the first layer/metal 
pad/line 

- a barrier layer/first barrier layer lining the via (18b in Fig. 10), and 

- a metal plug/bump/second layer (40b in Fig. 10; 40 in Fig. 9) in the via above the 
barrier layer wherein the metal plug/bump, barrier layer and the passivation layer 
form a planar exterior surface of the metallurgical structure, 

- the metal plug/bump being of predetermined thickness and being made of 
material such as copper (Col. 5, line 44) 

- solder bump/connector/conductive structure (44 in Fig. 10; Col. 6, line 10) 
comprising a tin/lead alloy, the solder bump being in direct contact with the 

- conductive/metal plug (40b in Fig. 10) and the bump being on the planar exterior 
surface 

(Fig. 10; Col. 5, line 23- Col. 6, line 15; Fig. 5-10; Col. 3-12). 

Kumar et al. further disclose the conductive structure having the solder 
bump/connector where the barrier layer comprises an adhesion/barrier material such 
as Ti, TiN, TaN, nickel, etc. with a copper plug of predetermined/sufficient thickness 
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being used to reduce/prevent the diffusion of elements/species/metals such as tin, 
present within the solder bump/conductive structure into the metal line to provide low 
contact resistance and improved adhesion/reliability (Col. 3, line 36-68; Col. 3-6). 

Kumar et al. fail to teach: 

a) a second barrier layer above the first metal plug and a second metal plug above 
the second barrier layer wherein the second metal plug and the first and second 
barrier layers form a planar exterior surface, and 

b) the second metal plug having a thickness sufficient to consume tin diffusing from 
the solder bump. 

a) Cohen teaches a multilayered interconnect structure (Fig. 3 and 4) 
comprising a plurality of barrier/adhesion, seed and metal plug layers having an 
optimized/sufficiently thick seed/plug layers to provide an improved adhesion, reduced 
out-diffusion of copper/copper intermetallic compounds and low resistance (Col. 1 , lines 
35-55; Col. 3, lines 5-30; Col. 8, line 55; Col. 6, line 65- Col. 9, line 2). Cohen teaches 
such structure comprising a second seed/barrier layer (128 in Fig. 4; Col. 8, line 7; Col. 
9, line 1) above the first non conformal seed layer/metal plug layer (126 in Fig. 4) and a 
second metal fill/plug (130 in Fig. 4) above the second seed/barrier layer, wherein the 
second metal fill/plug and the first and second barrier/seed layers form a planar exterior 
surface (see Fig. 4; Col. 6, line 65- Col. 9, line 2). 
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b) Furthermore, Cohen teaches using the second metal fill/plug layer of copper 
being of sufficient thickness or with excess to fill an opening of the trench/plug having a 
dimension of about 1800 angstroms (Col. 6, lines 20-32). 

It is well known in chip packaging and interconnection technology art that copper 
readily reacts and forms intermetallics with elements such as tin from the solder (see 
admitted prior art- specification page 3, line 12; pages 3 and 4). 

It would have been obvious to a person of ordinary skill in the art at the time 
invention was made to incorporate the second barrier layer above the first metal plug 
and a second metal plug above the second barrier layer wherein the second metal plug 
and the first and second barrier layers form a planar exterior surface, and the second 
metal plug having a thickness sufficient to consume tin diffusing from the solder as 
taught by Cohen and APA so that the desired electrical resistance and the 
protection/barrier against the diffusion of intermetallics and the interconnect reliability 
can be improved in Kumar et al's structure. 

Regarding claim 29, Kumar et al., Cohen and APA teach substantially the entire claimed 
structure as applied to claim 6 above, wherein Kumar et al. further teach solder bump 
(44 in Fig. 10; Col. 6, line 10) comprising the tin/lead alloy. 

Regarding claim 30, Kumar et al., Cohen and APA teach substantially the entire claimed 
structure as applied to claim 6 above, except the second metal plug forming sufficient 
intermetallics with elements diffusing from the solder bump so as to prevent the 
elements from penetrating through the first and second barrier layers into the metal line. 
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Cohen further teaches using the second metal fill/plug layer of copper being of 
sufficient thickness or with excess to fill an opening of the trench/plug having a 
dimension of about 1800 angstroms (Col. 6, lines 20-32). 

It is well known in chip packaging and interconnection technology art that copper 
readily reacts and forms intermetallics with elements such as tin from the solder (see 
admitted prior art- specification page 3, line 12; pages 3 and 4). 

It would have been obvious to a person of ordinary skill in the art at the time 
invention was made to incorporate the second metal plug forming sufficient 
intermetallics with elements diffusing from the solder bump so as to prevent the 
elements from penetrating through the first and second barrier layers into the metal as 
taught by Cohen and APA so that the desired electrical resistance and the 
protection/barrier against the diffusion of intermetallics and the interconnect reliability 
can be improved in Cohen, APA and Kumar et al's structure. 

7. Claims 9, 13, 22, 23, 24, 26, 28 and 31, insofar as being in compliance with 35 
U.S.C. 112, are rejected under 35 U.S.C. 103(a) as being unpatentable over Kumar et 
al. (US Pat. 5290732) in view of Cohen (US Pat. 6136707), admitted prior art (APA) and 
Zhao et al. (US Pat. 5674787). 

Regarding claims 13 and 9, Kumar et al. disclose a metallurgical/conductive structure in 
an integrated circuit (IC) chip having underlying circuitry/internal components within an 
exterior covering comprising: 
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- a first layer/line/metal pad/internal component (14b in Fig. 10) on the 
chip/substrate 

- a passivation/insulating layer (16b in Fig. 10) 

- a via/hole (Fig. 10) through the passivation layer extending to the first layer/metal 
pad/line 

- a barrier layer/first barrier layer lining the via (1 8b in Fig. 1 0), and 

- a metal plug/bump/second layer (40b in Fig. 10; 40 in Fig. 9) in the via above the 
barrier layer wherein the metal plug/bump, barrier layer and the passivation layer 
form a planar exterior surface of the metallurgical structure, 

- the metal plug/bump being of predetermined thickness and being made of 
material such as copper (Col. 5, line 44) 

- solder bump/connector/conductive structure (44 in Fig. 10; Col. 6, line 10) 
comprising a tin/lead alloy, the solder bump being in direct contact with the 

- conductive/metal plug (40b in Fig. 10) and the bump being on the planar exterior 
surface 

(Fig. 10; Col. 5, line 23- Col. 6, line 15; Fig. 5-10; Col. 3-12). 

Kumar et al. further disclose the conductive structure having the solder 
bump/connector where the barrier layer comprises an adhesion/barrier material such 
as Ti, TiN, TaN, nickel, etc. with a copper plug of predetermined/sufficient thickness 
being used to reduce/prevent the diffusion of elements/species/metals such as tin, 
present within the solder bump/conductive structure into the metal line to provide low 
contact resistance and improved adhesion/reliability (Col. 3, line 36-68; Col. 3-6). 
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Kumar et al. fail to teach: 

a) the first plug, the second plug and the internal components comprising the same 
material, and 

b) the second metal plug having a sufficient thickness to consume tin diffusing from the 
solder bump and forming sufficient intermetallics with elements diffusing from the solder 
bump so as to prevent the elements from penetrating through the first and second 
barrier layers into the internal components. 

a) Cohen teaches a multilayered interconnect structure (Fig. 3 and 4) 
comprising a plurality of barrier/adhesion, seed and metal plug layers having an 
optimized/sufficiently thick seed/plug layers to provide an improved adhesion, reduced 
out-diffusion of copper/copper intermetallic compounds and low resistance (Col. 1 , lines 
35-55; Col. 3, lines 5-30; Col. 8, line 55; Col. 6, line 65- Col. 9, line 2). Cohen teaches 
such structure comprising a second seed/barrier layer (128 in Fig. 4; Col. 8, line 7; Col. 
9, line 1) above the first non-conformal seed layer/metal plug layer comprising copper 
(126 in Fig. 4; Col. 8, line 7) and a second metal fill/plug (130 in Fig. 4) above the 
second seed/barrier layer, wherein the second metal fill/plug and the first and second 
barrier/seed layers form a planar exterior surface (see Fig. 4; Col. 6, line 65- Col. 9, line 
2). 

Zhao et al. teach using a conductive structure having a metal plug and a metal 
line where the metal plug (23 in Fig. 6) and the metal line (1 1 in Fig. 6) comprise 
conventional material such as copper (23/1 1 in Fig. 6; Col. 5, line 22; Col. 7, line 25). 
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b) Cohen further teaches using the second metal fill/plug layer of copper being of 
sufficient thickness or with excess to fill an opening of the trench/plug having a 
dimension of about 1800 angstroms (Col. 6, lines 20-32). 

It is well known in chip packaging and interconnection technology art that copper 
readily reacts and forms intermetallics with elements such as tin from the solder (see 
admitted prior art- specification page 3, line 12; pages 3 and 4). 

It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to incorporate the second plug and the internal components 
comprising the same material such as copper as taught by Cohen and Zhao et al. and 
the second metal plug forming sufficient intermetallics with elements diffusing from the 
solder bump so as to prevent the elements from penetrating through the first and 
second barrier layers into the internal components as taught by Cohen and APA so that 
the desired electrical resistance can be achieved and the barrier against the diffusion of 
intermetallics can be improved in Kumar et al's structure. 

Regarding claims 23 and 28, Kumar et al. disclose a metallurgical/conductive structure 
in an integrated circuit (IC) chip having underlying circuitry/internal components within 
an exterior covering comprising: 

- a first layer/line/metal pad/internal component (14b in Fig. 10) on the 
chip/substrate 

- a passivation/insulating layer (16b in Fig. 10) 

- a via/hole (Fig. 10) through the passivation layer extending to the first layer/metal 
pad/line 

- a barrier layer/first barrier layer lining the via (18b in Fig. 10) 
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- a metal plug/bump/second layer (40b in Fig. 10; 40 in Fig. 9) in the via above the 
barrier layer wherein the metal plug/bump, barrier layer and the passivation layer 
form a planar exterior surface of the metallurgical structure, 

- the metal plug/bump being of predetermined thickness and being made of 
material such as copper (Col. 5, line 44), and 

- solder bump/connector/conductive structure (44 in Fig. 10; Col. 6, line 10) 
comprising a tin/lead alloy, the solder bump being in direct contact with the 
conductive/metal plug (40b in Fig. 10) and the bump being on the planar exterior 
surface 

(Fig. 10; Col. 5, line 23- Col. 6, line 15; Fig. 5-10; Col. 3-12). 

Kumar et al. further disclose the conductive structure having the solder 
bump/connector where the barrier layer comprises an adhesion/barrier material such as 
Ti, TiN, TaN, nickel, etc. with a copper plug of predetermined/sufficient thickness being 
used to reduce/prevent the diffusion of elements/species/metals such as tin, present 
within the solder bump/conductive structure into the metal line to provide low contact 
resistance and improved adhesion/reliability (Col. 3, line 36-68; Col. 3-6). 

Kumar et al. fail to teach: 

a) the first layer and the second layer being copper, and 

b) the third layer of copper being formed on the second barrier layer, the second copper 
layer having a sufficient thickness to form intermetallics with the species diffusing from 
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the conductive structure and to adhere to the conductive structure, so as to prevent the 
elements from penetrating through the first barrier layer into the first layer of copper. 

a) Cohen teaches a multilayered interconnect structure (Fig. 3 and 4) 
comprising a plurality of barrier/adhesion, seed and metal plug layers having an 
optimized/sufficiently thick seed/plug layers to provide an improved adhesion, reduced 
out-diffusion of copper/copper intermetallic compounds and low resistance (Col. 1, lines 
35-55; Col. 3, lines 5-30; Col. 8, line 55; Col. 6, line 65- Col. 9, line 2). Cohen teaches 
such structure comprising a second seed/barrier layer/second layer (128 in Fig. 4; Col. 
8, line 7; Col. 9, line 1) above the first non-conformal seed layer/metal plug layer 
comprising copper (126 in Fig. 4; Col. 8, line 7) and a metal fill/plug/third layer (130 in 
Fig. 4) above the second seed/barrier layer, wherein the second metal fill/plug and the 
barrier layers/seed layers and metal plug/fill layers form a planar exterior surface (see 
118/126/128 and 130 in Fig. 4; Col. 6, line 65- Col. 9, line 2). 

Zhao et al. teach using a conductive structure where a metal plug/second layer 
(23 in Fig. 6) and a metal line/first layer comprises a conventional material such as 
copper (23/1 1 in Fig. 6; Col. 5, line 22; Col. 7, line 25). 

b) Cohen further teaches the non-conformal seed layer/metal plug layer of copper 
(126 in Fig. 4) being of predetermined/sufficient thickness ranging from 100-2000 
angstroms (Col. 7, lines 52-58) or having a plurality of such layers including layers 
having higher thickness (Col. 8, lines 52-60). 
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It is well known in chip packaging and interconnection technology art that copper 
readily reacts and forms intermetallics with elements such as tin from the solder (see 
admitted prior art- specification page 3, line 12; pages 3 and 4). 

It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to incorporate the first layer and the second layer being copper as 
taught by Cohen and Zhao et al. and the third layer of copper being formed on the 
second barrier layer, the second layer of copper having a thickness sufficient to form 
intermetallics with species diffusing from the conductive structure and to adhere to the 
conductive structure, so as to prevent the species from penetrating through the first 
barrier layer into the first layer of copper as taught by Cohen and APA so that the 
desired electrical resistance and the barrier against the diffusion of intermetallics can be 
improved in Kumar et al's structure. 

Regarding claims 22, 24 and 26, Kumar et al., Cohen, APA and Zhao et al. teach 
substantially the entire claimed structure as applied to claims 13 and 23 above, wherein 
Kumar et al. further teach the conductive structure comprising the solder ball/connector 
made of the tin/lead alloy having elements/species such as tin (44 in Fig. 10; Col. 6, line 
10). 

Regarding claim 31 , Kumar et al., Cohen, APA and Zhao et al. teach substantially the 
entire claimed structure as applied to claim 23 above, wherein Kumar et al. further teach 
the metallurgical structure being substantially coplanar/planarized (see Fig. 10). 
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9. Claim 2 insofar as being in compliance with 35 U.S.C. 1 12, is rejected under 35 
U.S.C. 103(a) as being unpatentable over Kumar et al. (US Pat. 5290732), Cohen (US 
Pat. 6136707) and APA as applied to claim 6 above, and further in view of Zhao et al. 
(US Pat. 5674787). 

Regarding claim 2, Kumar et al., Cohen and APA teach substantially the entire claimed 
structure as applied to claim 6 above, except the metal line and the first and second 
metal plugs comprising the same material such as copper. 

Cohen further teaches using the first seed/metal plug layer being of copper (126 
in Fig. 4; Col. 8, line 7) and the second metal fill/plug layer being of copper (130 in Fig. 
4; Col. 6, lines 30). 

Zhao et al. teach using the metal plug (23 in Fig. 6) and the metal line comprising 
conventional material such as copper (23/1 1 in Fig. 6; Col. 5, line 22; Col. 7, line 25). 

It would have been obvious to a person of ordinary skill in the art at the time 
invention was made to incorporate the metal line and the first and second metal plugs 
comprising the same material such as copper as taught by Cohen and Zhao et al. so 
that the desired electrical resistance can be achieved and the barrier against the 
diffusion of intermetallics can be improved in APA, Cohen and Kumar et al's structures. 

10. Claim 3 insofar as being in compliance with 35 U.S.C. 1 12, is rejected under 35 
U.S.C. 103(a) as being unpatentable over Kumar et al. (US Pat. 5290732), Cohen (US 
Pat. 6136707) and APA as applied to claim 6 above, and further in view of Mori et al. 
(US Pat. 6335570). 
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Regarding claim 3, Kumar et al., Cohen and APA teach substantially the entire claimed 
structure as applied to claim 6 above, except the second barrier layer comprising one or 
more layers of Ti, TiN, Ta and TaN . 

Mori et al. teach a multilevel copper plug structure to provide an improved 
protection against diffusion of copper compounds/intermetallics into underlying 
insulating layers and metalization, the structure comprising a plurality of barrier layers 
including the first and second barrier layers (4 and 42 respectively in Fig. 18; Col. 6, line 
17, Col. 9, line 57) comprising TaN . 

It would have been obvious to a person of ordinary skill in the art at the time 
invention was made to select the first and second barrier layers comprising one or more 
layers of Ti, TiN, Ta and TaN as taught by Mori et al. so that the desired electrical 
resistance can be achieved and the protection/barrier against the diffusion of 
intermetallics and the dielectric layer integrity can be improved in Cohen, APA and 
Kumar et al's structure. 

11. Claims 10 and 27, insofar as being in compliance with 35 U.S.C. 112, are 
rejected under 35 U.S.C. 103(a) as being unpatentable over Kumar et al. (US Pat. 
5290732) in view of Cohen (US Pat. 6136707), admitted prior art (APA) and Zhao et al. 
(US Pat. 5674787) as applied to claims 13 and 23 respectively above, and further in 
view of Mori et al. (US Pat. 6335570). 

Regarding claims 10 and 27, Kumar et al., Cohen, APA and Zhao teach substantially 
the entire claimed structure as applied to claims 13 and 23 respectively above, except 
the second barrier layer comprising one or more layers of Ti, TiN, Ta and TaN . 
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Mori et al. teach the multilevel copper plug structure to provide an improved 
protection against diffusion of copper compounds/intermetallics into underlying 
insulating layers and metalization, the structure comprising a plurality of barrier layers 
including the first and second barrier layers (4 and 42 respectively in Fig. 18; Col. 6, line 
17, Col. 9, line 57) comprising TaN . 

It would have been obvious to a person of ordinary skill in the art at the time 
invention was made to select the first and second barrier layers comprising one or more 
layers of Ti, TiN, Ta and TaN as taught by Mori et al. so that the desired electrical 
resistance can be achieved and the protection/barrier against the diffusion of 
intermetallics and the dielectric layer integrity can be improved in Cohen, APA and 
Kumar et al's structure. 

Response to Arguments 

12. Applicant's arguments with respect to claims 2, 3, 6, 9, 10, 13 and 22, 24 and 26- 
31 have been considered but are moot in view of the new ground(s) of rejection. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Nitin Parekh whose telephone number is 703-305-3410. 
The examiner can normally be reached on 09:00AM-05:30PM. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie Lee can be reached on 703-305-1690. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-931 8. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703-308- 
0956. 



Nitin Parekh 
11-30-03 



NP 




